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[57] ABSTRACT 
An optical radiator for diffusingly radiating sunlight 
emitted from an optical-conductor cable for the purpose 
of illumination. In order to illuminate a sufficiently wide 
region surrounding the optical-conductor cable, a clad 
ding layer of the optical-conductor cable located in the 
region to be illuminated is excised, and the outer surface 
of the thus exposed core of the optical-conductor cable 
is topically covered by a ?ne grain adhesive with a 
refractive index equal to or greater than that of said 
core. The resulting adhesive elements are relatively 
densely distributed toward a downstream direction and 
thinly distributed upstream, or the adhering area of the 
elements is selected to be smaller upstream and larger 
downstream. 

5 Claims, 2 Drawing Sheets 
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OPTICAL RADIATOR 

This is a continuation of application Ser. N 0. 396,823, 
?led July 9, 1982, now abandoned. 

SUMMARY OF THE INVENTION 

The present invention relates to an improvement of 
an optical lighting device, more particularly to a novel 
optical radiator wherein sunlight or other light propa 
gated through an optical-conductor cable can be diffus 
ingly radiated therefrom at a high ef?ciency. 

Recently, much attention has been given to energy 
saving. Extensive research and development has been 
conducted in various ?elds for the effective utilization 
of sunlight energy. The present inventor has made vari 
ous proposals for the effective utilization of sunlight 
energy for illumination. Sunlight energy can be most 
effectively used by using it directly for illumination in 
the form of light energy, i.e., not converting it to other 
forms of energy such as electricity or heat. 

In this respect, the present inventor has previously 
proposed various sunlight energy concentrating and 
collecting apparatuses in which sunlight is concentrated 
using a lens system or the like, guided into an optical 
conductor cable, transmitted through said optical-con 
ductor cable to places where illumination is required, 
and emitted from the optical-conductor cable for illumi 
nation. 

In conventional apparatuses, the sunlight transmitted 
through the optical-conductor cable is emitted and dif 
fused from the exit end of the optical-conductor cable. 
Sunlight emitted from said exit end, however, is rela 
tively narrow in diffusion angle. Therefore, the region 
suf?ciently illuminated by the optical-conductor cable 
is small and the scope of utilization of sunlight for illum 
ination is narrow. 
The present invention is intended to overcome the 

aforementioned defect of the prior art. According to the 
present invention, at least one end portion of the clad 
ding layer of the optical-conductor cable located in the 
region to be illuminated is excised and the outer surface 
of the thus exposed core of the optical-conductor cable 
is topically covered by a ?ne grain adhesive with a 
refractive index equal to or greater than that of said 
core. 

The advantages offered by the present invention are 
that sunlight propagated through the optical-conductor 
cable can not only be emitted and diffused from the exit 
end of the optical-conductor cable but also be diffus 
ingly radiated from the outer surface of the cable. The 
optical radiator according to the present invention is 
also simple in construction and low in manufacturing 
cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Turning now to the drawings, in which similar refer 
ence characters denote similar elements; 
FIG. 1 is a longitudinal sectional view showing a 

conventional optical-conductor cable as an optical radi 
ator, wherein the extent of the diffusion angle of sun 
light emitted from the optical-conductor cable is illus 
trated; 
FIGS. 2 and 3 are longitudinal sectional views re 

spectively showing the ?rst and second embodiments of 
an optical radiator according to the present invention, 
said optical radiator being mainly utilized for illumina 
tion in a room; 
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2 
FIG. 4 is a longitudinal sectional view showing the 

third embodiment of an optical radiator according to 
the present invention, said optical radiator being mainly 
utilized for illumination underwater; 
FIG. 5 is a longitudinal sectional view showing a 

variation of the ?rst embodiment of an optical radiator 
according to the present invention; and 
FIG. 6 is a longitudinal sectional view showing a 

variation of the second embodiment of an optical radia 
tor according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is a schematic diagram illustrating an optical 
conductor cable 1 to which the present invention is 
applied. As shown in FIG. 1, when sunlight energy is 
utilized for illumination, the optical-conductor cable is 
transversally cut at its one end so as to form an exit 
thereof. The transmitted sunlight is repeatedly reflected 
at the inner boundary surfaces of the optical-conductor 
cable for propagation therealong, then is emitted from 
said exit. 
The diffusion angle 0 of the sunlight emitted from 

said exit, however, depends upon the critical angle of 
incidence of the material forming the optical-conductor 
cable. The diffusion angle is usually not greater than 46° 
for conventional material used to form optical-conduc 
tor cables, i.e., is relatively narrow. Sunlight emitted 
from said exit can therefore only illuminate a limited, 
narrow area. It cannot illuminate a sufficiently wide 
area in a room. 

In order to overcome the aforementioned disadvan 
tage of the prior art, the present inventor has proposed 
various optical radiators which can effectively diffuse 
the sunlight transmitted through an optical-conductor 
cable. The present invention belongs to one of the 
above optical-radiators utilizing sunlight energy. 

Basically, according to the present invention, at least ' 
one end portion of the cladding layer of the optical-con 
ductor cable located in the region to be illuminated is 
excised. The outer surface of the thus exposed core of 
the optical-conductor cable is then topically covered by 
a fine grain adhesive, made of, for example, epoxy-resin, 
with a refractive index equal to or greater than that of 
said core. 
FIG. 2 is a longitudinal sectional view illustrating the 

construction of one embodiment of an optical radiator 
according to the present invention. Said optical radiator 
comprises an optical-conductor cable 1 having a core 1b 
made of an optical ?ber and a cladding layer In which 
surrounds the outer surface of said core 1b. 
At least one end portion of the cladding layer 10 

located in the region to be illuminated, e.g., in a room is 
excised. The thus exposed outer surface of the core 1b is 
then topically covered with a ?ne grain adhesive 2 
made of, e.g., epoxy resin. FIGS. 2 and 4 illustrate the 
adhesive 2 shaped into adhesive elements. Said adhesive 
2 may be selected from the group of adhesives with a 
refractive index equal to or greater than that of said 
core 1b. The other end of the optical-conductor cable 1 
is connected to a conventional sunlight energy concen 
trating and collecting apparatus 10 having lens system 
11. 

Consequently, the sunlight transmitted through the 
optical-conductor cable 1 is not only emitted and dif 
fused from the exit end of the optical-conductor cable 
but also through said adhesives 2, thus effectively;illu 
minating a wide area. 
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FIG. 3 shows another embodiment of an optical radi 
ator according to the present invention. In this embodi 
ment also at least one end portion of the cladding layer 
1a is excised. The thus exposed outer surface of the core 
1b of the optical conductor-cable is then topically cov 
ered by light-scattering elements 3, made of acrylic 
resin or the like, adhered by adhesive 2, e.g., epoxy 
resin, with a refractive index equal to or greater than 
that of said core 1b. 

Consequently, the sunlight transmitted through the 
optical-conductor cable 1 may be effectively emitted 
through said adhesive 2 and then be effectively diffused 
over a wide area through said light-scattering elements 
3. 
The movement of sunlight in this optical radiator will 

now be described in detail with respect to FIGS. 2 and 
3. The difference between the refractive index of core 
1b and the ambient air means the sunlight propagated 
through the optical-conductor cable cannot be substan 
tially emitted from the exposed portion when not pro 
vided with a ?ne grain adhesive or adhesive and light 
scattering elements. When the exposed portion is pro 
vided with a ?ne grain adhesive or adhesive and light 
scattering elements, however, since the refractive index 
of the adhesives is equal to or greater than that of the 
core, the propagated light will be transmitted or re 
fracted into the ?ne grain adhesive or light-scattering 
elements. 

In turn, the sunlight emitted into the ?ne grain adhe 
sive (in FIG. 2) or the light-scattering elements (in FIG. 
3) is repeatedly reflected therewithin before ?nally 
leaking out, thereby illuminating a wide area of the 
ambient air surrounding the optical-conductor cable. 
Needless to say, the above leakage of the sunlight is 
effected when the incident angle of the sunlight within 
the ?ne grain adhesive or light-scattering elements be 
comes smaller than the critical angle of the adhesive. 

In the embodiment described in FIGS. 2 and 3, the 
exposed outer surface of the core 1b is covered with 
uniformly distributed ?ne grain adhesive 2 or adhesive 
and light-scattering elements 3. In such a case, the inten 
sity of the illumination along the core 1b becomes 
weaker from the upstream to downstream thereof. 
Therefore, it is preferable that the adhesive 2 or ele 
ments 3 be relatively thinly distributed upstream and 
densely distributed downstream of the core 1b, (see 
FIG. 5) or that the adhering area of them be selected 
smaller upstream and larger downstream of the core 1b 
(see FIG. 6). A combination of the former (distribution) 
and the latter (adhering area) is also preferable. The 
above are particularly effective for obtaining uniform 
illumination along the core 1b. 

Also, in the embodiments described in FIGS. 2 and 3, 
the cladding layer 1a located on the end portion of the 
optical-conductor cable 1 is excised. However, the clad 
ding layer located on the middle portion of the optical 
conductor cable may also be excised and the thus ex 
posed outer surface of the core of the optical-conductor 
cable may be topically covered by a ?ne grain adhesive 
or adhesive and light-scattering elements. 
FIG. 4 is a longitudinal sectional view showing a 

further embodiment of an optical radiator according to 
the present invention. In this further embodiment, the 
optical radiator portion shown in FIGS. 2 and 3 is her 
metically sealed in a transparent or semitransparent 
hollow cylindrical capsule 4. Sealing of the optical 
radiator portion from the surroundings by protective 
capsule 4 keeps ?ne grain adhesive 2 or light-scattering 
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4 
elements 3 from contact with other objects, thus, pre 
venting detachment of the adhesive or elements from 
the core. It also protects the adhesive or elements soil‘ 
ing by the hand. Protective capsule 4 further protects 
the operator from injury due to contact with the heated 
adhesive portions. The optical radiator shown in FIG. 4 
is particularly useful for underwater illumination for the 
purpose of, for example, arti?cial cultivation of chlorel 
las. In such a case, the sealing of said exposed portion of 
the optical radiator against water by protective capsule 
4 completely prevents furring thereon, thus keeping the 
optical radiator continuously clean. 
With this arrangement, said optical radiator is always 

surrounded by an air layer even when submerged un 
derwater. This ensures refraction as sunlight passes 
from core 1b to the air layer and refraction in the water, 
whereby sunlight is radiated over a wide range. The 
underwater illumination system utilizing the optical 
conductor cable according to the present invention 
does not require an electric element and, thus, is free 
from the problem of electric leakage of conventional 
electric illumination systems. 

If it were not for the capsule 4, due to the refraction 
index of the water, the sunlight propagated through the 
optical-conductor cable 1 would merely be emitted 
from the exit thereof at a relatively narrow angle. In 
such a case, the illumination is in spotlight fashion illu 
minating the long distance from the exit. Furthermore, 
during the subsequent propagation of the light in the 
water, one of the components of the light will be con 
verted by the water since the water plays a role of a 
photo ?lter for red light, i.e., absorbs most of the red 
light. The thus obtained light is thus de?cient in red 
light, which is essential for photosynthesis, resulting in 
insufficient illumination for arti?cial cultivation of cho 
rellas. 

Contrary to the above, when‘ the optical radiator is 
sealed in the capsule 4, since the sunlight is radiated 
over a wide range, i.e., illuminates the short distance in 
the water, red light will not be omitted. 
As will readily be understood from the foregoing 

description, by means of simple and low cost arrange 
ment, sunlight or other light propagated through the 
optical-conductor cable can be diffusingly radiated 
therefrom at a high ef?ciency. 
The invention has been described in detail with par 

ticular reference to preferred embodiment thereof, but 
it will be understood that reasonable variations and 
modi?cations are possible without departing from the 
spirit and basic scope of the invention. 

I claim: 
1. An optical radiator for diffusingly radiating sun 

light emitted from an optical-conductor cable for the 
purpose of illumination of a region, said optical-conduc 
tor cable transmitting light from an upstream direction 
toward a downstream direction and including a core 
made of optical ?ber and a cladding layer covering the 
outer surface of said core, the improvement comprising: 
at least one end portion of said cladding layer located in 
said region is excised and the outer surface of the thus 
exposed core of the optical-conductor cable being topi 
cally covered with a plurality of ?ne grain adhesive 
elements each having an adhering area, said elements 
with a refractive index equal to or greater than that of 
said core, and the adhering area of each of said elements 
being smaller on said elements af?xed upstream and 
larger on said elements affixed downstream of said ex 
posed core. 
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2. An optical radiator for diffusingly radiating sun 
light emitted from an optical-conductor cable for the 
purpose of illumination of a region, said optical-conduc 
tor cable transmitting light from an upstream direction 
toward a downstream direction and including a core 
made of optical ?ber and cladding layer covering the 
outer surface of said core, the improvement comprising: 
at least one end portion of said cladding layer located in 
said region is excised and the outer surface of the thus 
exposed core of the‘ optical conductor cable being topi 
cally covered with a plurality of light-scattering ele 
vments adhered to said core with an adhesive with a 
refractive index equal to or greater than that of said 
core, and said light-scattering elements being thinly 
distributed on the upstream portion and densely distrib 
uted on the downstream portion of the exposed core. 

3. An optical radiator for diffusingly radiating sun 
light emitted from an optical-conductor cable for the 
purpose of illumination of a region, said optical-conduc 
tor cable transmitting light from an upstream direction 
toward a downstream direction and including a core 
made of optical ?ber and a cladding layer covering the 
outer surface of said core, the improvement comprising: 
that at least one end portion of said cladding layer lo 
cated in said region to be illuminated is excised, that the 
outer surface of the thus exposed core of the optical 
conductor cable is topically covered with a plurality of 
fine grain adhesive elements each having an adhering 
area or, a plurality of light-scattering elements each 
having an adhering area adhered with an adhesive, the 
refractive index of said adhesives being equal to or 
greater than that of said core, and that said thus exposed 
core of the optical-conductor cable is hermetically 
sealed in a transparent or semitransparent hollow cylin 
drical capsule, and the adhering area of said adhesivev 
elements or said light-scattering elements being smaller 
on said elements af?xed upstream and larger on said 
elements af?xed downstream of the core. 

4. An optical radiator for diffusingly radiating sun 
light emitted from an optical-conductor cable for the 
purpose of illumination of a region, said optical-conduc 
tor cable transmitting light form an upstream direction 
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6 
toward a downstream direction and including a core 
made of optical ?ber and cladding layer covering the 
outer surface of said core, the improvement comprising: 
that at least one end portion of said cladding layer lo 
cated in said region is excised, that the outer surface of 
the thus exposed core of the optical-conductor cable is 
topically covered with a plurality of fine grain adhesive 
elements or, a plurality of light-scattering elements 
adhered with an adhesive, the refractive index of said 
adhesives being equal to or greater than that of said 
core, and that said thus exposed core of the optical-con 
ductor cable is hermetically sealed in a transparent or 
semitransparent hollow cylindrical capsule, and said 
adhesive elements or said light-scattering elements 
being thinly distributed on the upstream portion and 
densely distributed on the downstream portion of the 
core. 

5. A method of illumination of a region using an opti 
cal radiator having an optical conductor cable including 
a core, and a ?rst or upstream end and a second or 
downstream end, with an optical ?ber cover and a clad 
ding layer surrounding said core, with said cladding 
layer excised at said second end in said region with the 
exposed core of said optical cable topically covered 
with a plurality of ?ne grain adhesive elements each 
having an adhering area and with a refractive index 
equal to or greater than that of said core, and the adher 
ing area of each of said elements being smaller on said 
elements af?xed upstream and larger on said elements 
af?xed downstream of the exposed core, comprising the 
steps of: 

(a) connecting said ?rst end of said conductor cable 
to a light concentrating and collecting apparatus; 

(b) transmitting said light through said optical con 
ductor to said exposed core, said light reaching said 
adhering elements having said smaller adhering 
areas before reaching said adhering elements hav 
ing said larger adhering areas; and 

(c) emitting said light through said adhesive elements 
and said end of said optical conductor to form a 
wide ?eld of uniform illumination. 
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